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摘  要 
 
ZnO:Al（AZO）薄膜因其低电阻率与高可见光区透射率有望替代 ITO，成为











研究表明，AZO 薄膜为六角纤维锌矿结构，呈 c 轴择优取向，由于薄膜在
室温下沉积，薄膜结构疏松多孔。对薄膜的组分分析表明薄膜为富氧态，而薄膜
偏离化学剂量比的原因为疏松的结构引起的晶粒边界上 O 原子的吸附。通过对
溅射工艺的优化在 250W 射频功率与 1.2Pa Ar 气压强下得到 低电阻率为
1.83×10-3Ω·cm 可见光区透射率 80%以上的 AZO 薄膜。 
研究发现，对于室温下制备的 AZO 薄膜，制约其电学性能提高的主要因素
为晶粒边界上的 O 原子吸附，因为它既降低了薄膜的载流子浓度又限制了载流
子在晶粒间的迁移。同时当样品在 N2 中 500oC~800oC 退火 1 分钟时，这种 O 原
子的吸附将使薄膜中的 Al 原子被氧化从而破坏其作为施主杂质的活性，并 终
导致薄膜导电性能失效。另外，随着薄膜厚度的增加薄膜的 c 轴逐渐发生倾斜，


















Aluminum-doped zinc oxide (AZO) thin films with low resistivity and high 
transparency in visible range are promising as alternatives to ITO for transparent 
conducting oxide (TCO), sicne indium is a very expensive and scarce material, while 
AZO, the source materials of which are inexpensive and non-toxic, is the best 
candidate. Nowadays, various technologies have been reported to produce AZO thin 
films, and magnetron sputtering with high deposition rate and uniformity is 
considered to be one of the most important methods for preparing AZO thin films. 
In order to being compatible to the lift-off technology in semiconductor 
fabrication process, AZO thin films were prepared by RF magnetron sputtering using 
a zinc oxide target doped with Al2O3 (2 wt%.) on quartz glass substrate at room 
temperature. The effect of RF power, Ar pressure, film thickness and thermal 
annealing on structural, compositional, electrical and optical properties of AZO thin 
films were investigated in detail. The structural properties were characterized by XRD, 
AFM and SEM, while the compositional characteristics were investigated by AES and 
XPS, and the electrical and optical properties were studied by Hall system and 
spectrophotometer, respectively. 
The crystal structure of the AZO films is hexagonal wurtzite and show the typical 
c-axis crystallographic orientation, and due to low temperature deposition, films are 
loose and porous. All samples are nonstoichiometric with oxygen enrichment which is 
attributed to the O atoms chemisorbed at the grain boundary. The lowest resistivity 
1.83×10-3Ω·cm and the transmittance over 80% in visible range were obtained at rf 
power of 250W and Ar pressure of 1.2 Pa . 
It was found that the main impediment for improving the electrical properties of 
AZO thin films deposited at room temperature is the O atoms absorption in the grain 
boundary, which would decrease the carrier concentration and mobility. And the O 
atoms absorption also destroy the Al chemical activity as donor in the ZnO matrix 













of the AZO films changed from perpendicular to the substate to inclined to the 
substrate with increasing the films thickness, which is mainly due to the energetic 
oxygen bombardment on the tapered (002) plane. 
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率 ∗  
TO CVD 9×1018 10 7×10-2 0.9－0.95 
ATO CVD 1.2×1020 23 2×10-3 0.85-0.91 
FTO Spray pyrolysis 5×1020 23 5×10-4 0.85 
IO Evaporation 4.7×1020 74 1.8×10-4 ≥ 0.9 




2×1020 16 2×10-3 ≥ 0.9 
AZO Spray pyrolysis 4×1020 20 7×10-3 0.80-0.85 
IZO Spray pyrolysis 4×1020 15 8×10-4 0.9 
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1.2 ZnO 的基本特性 
1.2.1 ZnO 的结构特性 
ZnO有三种不同的晶体结构，如图1-2所示，分别是六角纤锌矿结构(Wurtzite) 
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图1-3 ZnO 晶体结构示意图，u=0.375, α=β=109.47o（α,β为 Zn-O 键键角）[13] 
 





































跃迁 对应能量/eV 波长/nm 所属光带 相关的缺陷 
1.75 710 红 Vo 
2.90 428 蓝 Zni 




价带 3.07 405 蓝 VZn 
2.97 418 蓝 Oi 
2.47 503 绿 Oi 
1.87 664 红 Ozn 





受主 2.60 478 蓝 Zni→VZn 
2.50 497 蓝 Zni→Ozn 
2.00 621 红 Zni→Ozn 







































2 510χ −×  
Bulk 1.9436 -1.9714 7.0918 3.011 








1.3.1 AZO 薄膜结构与电学特性  
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